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Turkey Flat, USA
8ite Effects Test Area

OVERVIEW

NEEDS

The 1985 Mexico City earthgquake is our most recent reminder
that local ground conditions can have a strong influence on
where damage will occur in urbanized areas during an earth-
quake, and underscores the need to incorporate seismic
shaking potential in land-use decisions. Although several
different methods for making such assesgments are cur-
rently in use, their accuracy and costs are not well known.
Reliability and cost of methods must be known before they
can be routinely used to provide a sound basis for safer
land-use and construction practices.

GOALS

The principal goals of the Turkey Flat Site Effects Test
Area are to systematically compare and determine the reli-
ability of contemporary methods used to estimate the effect
of local geology on earthquake shaking, and to test the lin-
earity of shallow stiff-gsoil site response.

OBJECTIVES

Principal objectives are to collect high quality weak- and
strong-motion data at several locations in the test area
produced by 1local and regional earthquakes, quantify
the site geology in terms of its geotechnical properties,
and distribute the information to experts around the world.

APPROACH

Using the acquired data, a series of "blind" predictions
will be made by ground motion experts for test area loca-
tions where the response will be known, but not be available
until all predictions have been received. Results of each
prediction will be compared with one another and with actual
observed ground motion.

PRODUCTS

A series of reports describing each principal phase
of the project will be available as the work progresses. An
evaluation of all site response estimation methods will be
prepared with recommendations as to suitability and cost of
routine application for urban earthquake shaking hazard as-
sessment.
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FOREWORD

IASPEI/IAEE Joint Working Group

At the 1985 meeting of the International Association of Seismology
and Physics of the Earth’s Interior (IASPEI), held jointly with
the International Association of Earthquake Engineering (IAEE) in
Tokyo, dJapan, a resolution was passed forming the IASPEI/IAEE
Joint Working Group on The Effects of Local Geology on Seismic Mo-
tion. The purpose of this group is to coordinate the establishment
of an international series of test areas designed to provide a
data base for comparing and testing contemporary methods, and
developing new methods, to predict the effects of local geology on
ground motion caused by earthquakes. The 1985 Mexico earthgquake is
only the most recent reminder that local ground conditions can
have a major influence on where damage will occur in major earth-
quakes. Although methods for assessing site effects are being used
to construct critical facilities around the world, the reliability
of these methods has not been rigorously tested. It is the goal of
this international program to fulfill this need. An international
program provides a forum for experts around the world to exchange

ideas, and significantly increases the prospects of acquiring the
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necegsary data soon.

Turkey Flat Experiment

The California Department of Conservation’s Division of Mines and
Geology (DMG) has, among other mandates, the responsibility to
look after the interest of the State and its people with regard to
seismic and geologic hazards and promote safe utilization of the
state’s terrain. Safety analyses of critical facilities such a=s
nuclear power plants, liquid natural gas repositories, and hospi-
tals, as well as provision of hazard information to local govern-
ments for planning and development, require application of
state-of-the-art techniques in predicting ground motion expected
from future earthquakes; however, contemporary methods have not
been thoroughly validated. When asked why microzonation has not
been implemented in the U.S., the answer is often: "If you ask
ten different experts how the ground might shake at a specific
site during an earthquake, you will get ten different answers". We
see a strong need to identify those methods that are reliable and
those that are not, and to establish guidelines and procedures
that insure repeatability, in order to effectively carry out our
mandates. As a consequence, we have established a test area at
Turkey Flat, California where a series of experiments will help

answer this need.

Our general perceptions and experiment objectives echo those of
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IASPEI/IAEE’s Joint Working Group. In their first workshop, held
during the XIX Assembly of the International Union of Geodesy and
Geophysics in Vancouver, British Columbia, Canada in August of
1987, a resolution was passed incorporating the experiment at Tur-

key Flat into the international program.

The principal objectives of the Turkey Flat Experiment are to sys-
tematically test and compare all methods of estimating the influ~
ence of local geology on ground motion during earthquakes, in or-
der to determine the reliability and cost effectiveness of each.
Secondary objectives are to generate a data base for the improve-
ment of these methods, or the development of new methods, and to
address the long standing debate on the linearity of site re-
sponse. The approach is to collect high quality weak and strong
ground motion data, and geotechnical data, and carry out a series
of "blind predictions". Experts from around the world are invited
to use their preferred method and the acquired data to predict
ground motion at locations where the actual response will be known

but held in confidence until all predictions have been submitted.

The experiment is being conducted in a number of phases, and this
report constitutes the results of phase III, Weak~Motion Data
Acquisition. A more detailed description of the overall experiment

is provided in Report 1, Turkey Flat, USA, Site Effects Test

Area: Needs, Goals and Objectives. A detailed description of the

local site geology and geotechnical properties is provided in Re-
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port 2, Turkey Flat, USA, Site Effects Test Area: Site Character-

ization.

This report is organized in three principal parts: 1) Prediction
Criteria, which describes the predictions that participants are
requested to make and provides a schedule for their completion, 2)
Input Rock Motions, which describes the input and output formats
of data files and plots, presents instrument and array character-
istics, and describes the data collection and processing proce-
dures employed, and 3) a series of appendices that contain de-
tailed descriptions and examples of data formats, and a Standard

Geotechnical Model for the test site.



TURKEY FLAT, USA, SITE EFFECTS TEST AREA

PREDICTION CRITERIA

INTRODUCTION

This part of the report describes the weak-motion site effects
prediction test for the Turkey Flat, USA, Site Effects Test Area,
and includes the prediction criteria determined by a committee of
experts (see inside cover), and a test schedule. Input ground mo-
tion data, formats of input and requested output, and background
details on acquisition and preparatory processing of the test data
are discussed in Part 2 of this report. In addition to this re-
port, participants should also have: a) an additional report that
describes the geotechnical properties of the test area, b) digital
data files of weak ground motion recorded spring 1988 at the Rock
South (R1l) array site at Turkey Flat, and c) data files of ground
motion recorded at the Temblor strong-motion station during the
1966 Parkfield Earthquake. Together with this plan, these data are
sufficient to estimate ground motions recorded at other array

sites using participant-supplied methods.

As described below, several ground-motion estimates are requested
to be made given these data. They will be made for sites where the
actual ground motion has been recorded, but the records are being

kept in confidence until all prediction estimates have been
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received. Consequently, the tests are "blind predictions" whereby
methods of estimating the effects of local site geology will bYe
tested without prior knowledge of the actual effects. When all
predictions have been received, participant results will be com-
pared with one another and with actual recorded ground motions at

each site.

WEAK~MOTION TEST

Instrument Array

A schematic cross-section of the Turkey Flat array is shown in
figure 1. The array is composed of seven sensors indicated by
solid black circles having accompanying alphanumeric identifica-
tion codes beginning with a letter corresponding to R (rock), V
(valley), and D (downhole). All predictions that are requested to
be made will reference sensor locations by these codes. Each sen-
sor location consists of three-component velocity-type transducers

which are described in detail in Part 2 of this report.

Site names have been given to each surface instrument location:
Rock South (R1), Valley Center (V1), Valley North (V2), and Rock
North (R2). Dynamic soil properties are referred to by these site
names in Report 2: Turkey Flat, USA, Site Effects Test Area: Site
Characterization. For convenience, the Standard Geotechnical Model

developed in Report 2 is reproduced in Appendix D of this report.
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GROUND MOTION PREDICTION PLAN

[. Instrument Layout:

Rl uz2
U1

Figure 1

11. Ground Motion Predictions:

Table 1, Weak-Motion and optional arbitrary strong-motion tests:
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Rz

//,.

1
Prediction Required

Optional 2

1) Xi/R1 given R1 (where Xi
1. Fourier Amplitude means B1,D2,D3,V1,V2,R2).

Spectral Ratios.

2) v1/D3, D2/D3 given D3.

1) Xi/R1 given R1 (where Xi
means D1,D02,D3,V1,V2,R2).

2. Acceleration Time-
Histories.

1)y ¥v1 given Ri.

2) V1 given D3.

1y vt given R1.

3. Psuedovelocity Response
Spectra (5% damped), and
peak values of velocity,
acceleration, & displace-
ment.

1) Xi given R1 (where Xi
means D1,02,03,V1,V2,R2).

2) v1,D2 given D3.

|
I
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1) v1,02,03 given R1.

——————— ==== ELd
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n
1
1

Predictions must be done using the standard model, and can optionally be done for a participant-provided

preferred model. Only horizontal compenents of motion are requested.

Participant given largest horizontal component of the Temblor station record of 1966 Parkfield Earthquake.
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Schedule:

Table 2
Date Activity
3/15/89 Responses to invitation received
5/89 DMG distributes R1
971789 Predictions due DMG
9/15/89 D3 distributed
12/1/89 Predictions due DMG
12/15/89 Distribute cbservations
Spring 90 Workshop
Publications




@round Motion Predictions

The primary goal of the Turkey Flat experiment is to test methods
of estimating the effects of local site geology on damaging levels
of ground motion. Ultimately, we must await occurrence of the an-
ticipated Parkfield Characteristic earthquake before a robust test
of methods can be made; however, the Weak-Motion group of tests
will contribute to the goal by providing: 1) a scheduled product,
2) a means of setting up and testing ground-motion prediction mod-
els and procedures for readiness when the anticipated Parkfield
Characteristic Earthquake occurs, 3) a means of testing how well
the dynamic soil characteristics of the test area have been deter-
mined, and eventually 4) an opportunity to compare very low strain
predictions and observations with those at high levels of strain,
which bears on the question of linearity of ground motion and its

relevance to microzonation.

Required Predictions

Table 1 shows the REQUIRED and OPTIONAL ground motion predictions
to be made in three general forms: 1) Fourier Amplitude Spectral
Ratios, 2) Acceleration Time Histories, and 3) 5% Damped
Pseudovelocity Response Spectra. We also request that Peak Values
of Acceleration, Velocity, and Displacement be provided. To par-

ticipate fully in the experiment one must compute, for each
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horizontal component, all of the items for each form of prediction
listed under the column titled REQUIRED using the Standard
Geotechnical Model and instrument corrected acceleration time his-

tories for the specified event. The requested predictions consist

of 36 plots in all.

A Standard Geotechnical Model is provided in order to facilitate
comparison of prediction methods, since each prediction will wuse
the same geotechnical model and same input motions. Because pre-
dictions will be compared among themselves and with actual record-
ings, some participants may want to use a different geotechnical
model for the latter comparison. Those that do can develop a Pre-
ferred Geotechnical Model from the basic data contained in Report
2. Participants who wish to specify site characteristics more ac-
curately should do so and submit a complete set of predictions
based on their preferred model. This would result in an additional

36 plots, yielding a total of 72 plots.

Optional Ground Motion Test: Arbitrary Strong-Motion Record

Entirely optional, and at full discretion of the participant, is a
group of tests using input from an arbitrary strong-motion record.
This is to be done at the same time as the Weak-Motion Test, and
might be useful when setting up and testing models that incorpo-

rate non-linear behavior of soils at higher levels of strain.
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Under heading OPTIONAL of Table 1 are the optional tests based on
input motions from the larger horizontal component of the 1966
Parkfield earthquake Temblor station record. The three forms of
predictions specified previously are requested, but within each
form there are no prediction items based on inputs from site D3
since an arbitrary surface record from outside the array is used,
While these tests are not true predictions, they will serve as a
benchmark, and should, therefore, be made using the Standard
Geotechnical Model to facilitate comparison. This will yield a to-

tal of 10 plots for the optional tests.

Submittals

Participants are requested to submit all results in two forms:
1) paper plots, and 2) digital data files on computer readable me-
dia (9~-track tape or IBM compatible 360K 5 1/4 in. floppy disks).

Standard formats for each are described in Part 2 of this report,

SCHEDULE

Table 2 outlines the schedule and procedure to be followed for the
Weak-Motion Tests. Included with this report are records for the
weak-motion test event recorded at Rl (rock south site), and an

instrument corrected horizontal component of motion from the 1966
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Parkfield earthquake recorded at the Temblor station. Predictions
based on R1 input motions are due September 1, 1989, and must be
postmarked no later than this date to be considered a valid

"blind" prediction.

On September 15, 1989, after all predictions based on the records
at site R1 have been received, records at site D3 will be distrib~
uted. At this time, participants will be able to compare their
predicted motions at site D3 with actual recorded motions. Predic-
tions based on D3 input motions are due December 1, 1989, and must
be postmarked nc later than this date to be considered a valid

"blind" prediction.

On December 15, 1989, after all predictions based on the records
at site D3 have been received, actual recorded ground motions at
all array sites will be distributed to participants for analysis
of observed and predicted ground motions. A workshop will then be
scheduled 8pring 1990 where findings can be shared and discussed,
and insights can be used to optimize predictions to be made in the
final phase involving the Parkfield Characteristic Earthquake. It
is anticipated that several publications will result from the

Weak-Motion Test.

While the Weak-Motion Test is important in its own right, the es-

sence of this experiment is testing contemporary methods of



predicting site effects on ground motions capable of causing dam-
age to engineered structures. The ultimate test, then, must await
occurrence of the anticipated Parkfield Characteristic Earthquake.
While the Strong-Motion Test cannot be rigorcusly scheduled until
after the occurrence of this event, data will be distributed ac=-
cording to a schedule similar to the Weak-Motion Test schedule,
with the same predictions being requested. Consequently, the
Strong-Motion Test should run more smoothly and efficiently when
the time comes. These plans, however, are tentative as modifica-
tions might occur as a result of experience gained from the

Weak-Motion Test.
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TURKEY FLAT, USA, SITE EFFECTS TEST AREA

INPUT ROCK MOTIONS

INTRODUCTION

This part of the report describes the input rock motion data files
for the Weak-Motion Test and is divided into two sections. The
first section presents the required rock input record (R1l) and the
optional rock input record, and describes standard plot and data
file formats for all test input and output. The second section de-
scribes the weak-motion array and instrumentation, and discusses
the data processing applied to the weak-motion data. Detailed in-

formation on data formats is provided in Appendices A through C.

Because examples of the input rock motions are provided in this
part of the report, it is convenient to use them as examples of
the format required from all participants for all output. Having a
standard format for prediction results will greatly facilitate
comparisons during analysis. Consequently, formats for all data

input and output in this experiment are presented here.
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INPUT ROCK MOTIONS AND DATA FORMATS
Input Rock Motion Record R1

A weak-motion record from the Rock South site at Turkey Flat is
provided as the mandatory bedrock input record for predicting the
low strain response across the Turkey Flat, USA, strong motion ar-
ray (figure 2). The source event for this record is a magnitude 2
earthquake located approximately 34 km north of the test area (ex-
act location is provided in file headers). All three components of
bedrock motion are provided even though only the +two horizontal
components (figure 3) will be use in making predictions. The units
of weak-motion acceleration are 10~ ° m/sec/sec. Details about re-
cording equipment, data processing, and instrument corrections are

discussed subsequently.
Optional 1966 Parkfield Record

A record from the 1966 Parkfield earthquake is provided as an op-
tional bedrock input record for predicting strong ground motion
across the Turkey Flat, USA, site. The S25W (South) component of
the Temblor 2 record (figure 4) has been chosen as the optional
bedrock record for this test. The record has been instrument and
baseline corrected and is sampled at 50 samples per second (sps)
(CIT-EERL, 1973). The units of strong-motion acceleration are

cm/sec/sec.
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Figure 2. A map of the Turkey Flat Site Effects Test Area showing

locations of the four ground motion recording sites, and three

lines of profile that correspond to the cross sections

figure 11.
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S8tandard Input/output Data Formats

Input ground motions and predicted ground motions are in three
different forms as discussed in Part 1: 1) Fourier amplitude
spectral ratio, 2) time history, and 3) response spectrum. Each
form has a corresponding data file and plot format. Participants
are required to return paper plots of results in each of the three
standard plot formats so that predictions can be directly overlaid
on actual observations for comparison. Participants are also re-
guested to return prediction results on computer readable media in
the three standard data file formats to facilitate statistical
comparisons and help summarize experiment results. The original
media containing the input data files can be used for this pur-
pose. Upon receipt of results, the same media will again be used
to provide actual recorded ground motions at site D3 +to par-
ticipants for input in the second part of the test, and again to
distribute results for all the sites after all predictions have

been received,

File Formats

The three standard computer-readable data-file formats used in the
prediction experiment conform to California Strong Motion Instru-
mentation Program (CSMIP) standards (Shakal and Huang, 1985). They

are described as follows.
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Time Histories - will be in CSMIP Volume 2 format. Appendix A con-
tains the standard for Volume 2 from Shakal and Huang (1985) plus
an example for R1l. Although velocity and displacement will be com-
puted in the course of determining peak values, only acceleration

time history data files are requested to be provided.

Response 8Spectra - will be in an abbreviated CSMIP Volume 3 for-
mat, hereafter referred to as the Response Spectra (RS) format.
Appendix B contains the RS format standard which has been modified
from Shakal and Huang for this experiment by retaining only the
header array, sample periods array, and the 5% damped
psuedovelocity response spectrum array. Response spectral values
will be computed at the standard periods listed in Appendix B.
Real-Header elements 66, 68, and 70 should contain peak accel-
eration, peak velocity, and peak displacement respectively, even
though the time history files are not requested for all sites. An

example for Rl is also included in Appendix B.

Fourier amplitude Spectral Ratio - There is no CSMIP standard for
this output form, so a standard for this experiment has been de-
vised that confeorms with the Volume 2 and 3 standards. Appendix C
contains a description of the chosen Fourier amplitude spectral
ratio (FSR) standard plus an example for Rl. Fourier spectra
should be smoothed before calculating ratios. Smoothing should be
equivalent to a 1 Hz running-mean window passed twice over the in-

dividual spectra.
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Data files received by participants will conform to these three
standards with the exception of: 1) the inclusion of the word "OB-
SERVED" in columns 45-52 of Text Header 6 of Volume 2 files (hence
in columns 45-52 of Text Header 7 of RS and FSR files), and 2) the
unit of length for weak-motion time history and response spectrum

6

files will be 10 ° meters (um) instead of centimeters (see Ex-

amples A-C).

Data files returned by participants shall also conform to these
three standards and additionally put: 1) the words V“STANDARD
GEOTECHNICAL MODELY or "PREFERRED GEOTECHNICAL MODEL" in columns
51-80 of Text Header 3 of Volume 2 files (predicted time histo-
ries) and Text Header 4 of RS and FSR files (predicted response
spectra and spectral ratios), and 2) the words "PREDICTED BY" and
your name or identification number in columns 45-80 of Volume 2
Text Header 6 (Text Header 7 for RS and FSR files) (see samples in

Appendices A ~ C).

Plot Formats

To verify the contents of data files and facilitate comparison
with observations, participants are required to provide results on
three standard paper plots. Both data sent to participants and
predictions received from participants should conform to these
plot standards. In the event a participant is not able to provide

results in digital form, the plots will be the only means of com~

—-2]-



Example A - Sample listing of Volume 2 file sent to experiment participants:

CORRECTED ACCELEROGRAM R1 (CTF8) CHAN 1: 90 DEG FROM N
UNCORRECTED VELOCITY DATA PROCESSED: 05/18/88, CDMG EVENT12
TURKEY FLAT, USA, WEAK-MOTICN TEST EVENT

APRIL 26, 1988 18:29 PST {ORIGIN{USGS}: 4/27/88, 2:29:25.29GMT)
WEAK-MOTION EVENT 12 TRIGGER TIME: 4/27/88, 2:29:30.80GMT
STATION NC. CTFS8 35.878N, 120.361W DR100 S/N 151 ( 3 CHNS OF 3 AT STA)
TURKEY FLAT ARRAY, ROCK SCUTH (SURFACE) OBSERVED

CHAN 1: 90 DEG (STA CHN: 3)

COALINGA AREA EARTHQUAKE

HYPOCENTER({USGS) : 36.183N,120.329W, H= 4KM. ML=2.0 (USGS).

INSTR PERIOD = 0.50 SEC, DAMPING = 0.6 , SENSITIVITY = 104. V/M/8
RECORD LENGTH = 28.72 SEC.

UNCOR MAX = G, AT SEC,

RMS ACCEL OF (UNCOR) RECORD = G.
TWO POLE BUTTERWORTH BANDPASS FILTERED WITH CORNERS AT 1 AND 20 HZ.

2873 POINTS OF INSTRUMENT- AND BASELINE-CORRECTED ACCEL DATA
AT EQUALLY-SPACED INTERVALS OF 0.010 SEC.
PEAK ACCELERATION = -415.426 uM/SEC/SEC AT 7.840 SEC. (uM=10**-6M)
PEAK VELOCITY = 9.047 uM/SEC AT 7.870 SEC.
PEAK DISPLACEMENT = -0,3527 uM AT 10.770 8EC.
INITIAL VELOCITY = 0.0074 uM/SEC: INITTAL DISPLACEMENT = -0.00173 uM

COALINGA AREA EARTHQUAKE

WEAK-MOTICN EVENT 12, TURKEY FLAT ARRAY, RCCK SOUTH (SURFACE) CHAN 1: 90 DEG

1 1 1 3 3 0 1 0 0 Q 0 0 0 Q 0 0
0 0 0 0 0 0 0 0 0 0 90 2873 40 40 25 0
0 0 0 0 0 0 0 0 0 0 C 0 0 0 0 0
0 0 2873 2873 2873 0 0 0 0 0 25 80 0 0 0 0
] 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0
0.500 0.600 28.720 0.000 0.000 0.000 0.000 0.000
2.000 0.000 0,000 0.000 0.000 0.000 0.000 0.000
0.000 0,000 0.000 0.000 0.000 0.0060 0.000 0.000
0.000 0.000 0.000 0.000 0,000 0.000 0.000 0.000
0.000 0,000 0.000 0.000 0.000 0.000 0.000 ¢.000
0,000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000 0.000 12.566 0.000
0.000 0.000 0.000 0.000 0,010 0.000 0.000 0.000
7.840 —-415.42¢6 7.870 9.047 10.770 -0.353 0.007 0.000
0.000 0.000 -0.002 0,000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.4Q00 0.000 0.00Q4Q 0.000 0.000
0.000 0.000 0.000 $.000 0.000 0,000 0.000 g.000
0.000 0.000 0.000 0.000
2873 PQINTS CF ACCEL DATA EQUALLY SPACED AT 0.01Q SEC. {UNITS: uM/SEC/SEC)
-0.290 0.754 0.601 0.1086 -0.012 0.031 0.084 0.101
0.079 0.116 -0.049 -0.691 -0.290 0.753 0.582 0.130
-0.158 -0.749 -0.398 -0.185 -0.531 0,230 0.391 0.027
-0,140 0.045 0.665 0.486 -0.117 -0.854 -0.361 0.563
(Remainder of acceleration data)
/& e (End of data for this channel}

{(Header, etc for next channel)
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Example B ~ Sample listing of Response Spectra file sent to experiment

participants:
RESPONSE AND FOURIER AMPLITUDE SPECTRA (51 PERIODS, .04 - 1.0 SEC) FOR
CORRECTED ACCELEROGRAM Rl (CTF8) CHAN 1: 90 DEG FROM N
UNCORRECTED VELOCITY DATA PROCESSED: 05/18/88, CDMG EVENT12
TURKEY FLAT, USA, WEAK-MOTION TEST EVENT
APRIL 26, 1988 18:29 PST (ORIGIN(USGS): 4/27/88, 2:29:25,29GMT)
WEAK-MOTION EVENT 12 TRIGGER TIME: 4/27/88, 2:29:30.80GMT
STATION NO, CTFr8 35.878N, 120.361w DR100 S/N 151 ( 3 CHNS OF 3 AT STA)
TURKEY FLAT ARRAY, ROCK SOUTH (SURFACE) OBSERVED

CHAN 1: 90 DEG (STA CHN: 3)
COALINGA AREA EARTHQUAKE
HYPOCENTER (USGS): 36.183N,120.329W, BH= 4RKM. ML=2,0(USGS).

INSTR PERIOD = 0.50 SEC, DAMPING = 0.6 , SENSITIVITY = 104, V/M/S
RECORD LENGTH = 28.72 SEC.
UNCOR MAX = G, AT SEC.
RMS ACCEL OF (UNCOR} RECORD = G.

TWO POLE BUTTERWORTH BANDPASS FILTERED WITH CORNERS AT 1 AND 2¢ HZ.
INSTRUMENT- AND BASELINE-CORRECTED

COALINGA AREA EARTHQUAKE
WEAK~MOTICON EVENT 12, TURKEY FLAT ARRAY, ROCK SQUTH (SURFACE) CHAN 1: 90 DEG
WEAK-MOTION EVENT 12, TURKEY FLAT ARRAY, RCCK SOUTH (SURFACE) CHAN 1: 90 DEG

UNITS FOR PSEUDOVELOCITY SPECTRUM IS uM/SEC.

1 1 1 3 3 0 1 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 90 2873 40 40 25 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Q 0 2873 2873 2873 0 0 0 0 0 25 80 0 0 0 0
0 0 8l 51 5 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0
0.500 0.600 28.720 0.000 0.000 0.000 0.000 0.000
2.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000 0.000 12.566 0.000
0.000 0.000 0.000 0.000 0.010 0.000 0.000 0.000
7.840 -415.426 7.870 9.047 10.770 -0.353 0.007 0.000
0.000 0.000 -0.002 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000
0.050
0,040 0.042 0.044 0.046 0.048 0.050 0.055 0.060
0.065 0.070 0.075 0.080 0.085 0.090 0.095 0.100
. (Remainder of 100 element period array)
DAMPING = .05. DATA OF PSSV

0.300e+01 0.323e+01 0.338e+01.0.353e+01 0.373e+01 0.406e+01 0.493e+01 0.574e+01
. (Remainder of 100 element pseudovelocity array) ...
/& L———— (End of data for this channel)

{(Header, etc for next channel)
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Example C - Sample listing of Fourier Sectral Ratic file sent to participants:

SPECTRAL RATIC WITH RESPECT TO REFERENCE STATION R1 (CTF8) FOR
CORRECTED ACCELEROGRAM R1 (CTF8) CHAN 1: 90 DEG FROM W
UNCORRECTED VELOCITY DATA PROCESSED: 05/18/88, CDMG EVENT12
TURKEY FLAT, USA, WEAK-MOTION TEST EVENT

APRIL 26, 1988 18:29 PST (ORIGIN(USGS): 4/27/88, 2:29:25.29GMT}
WEAK-MOTION EVENT 12 TRIGGER TIME: 4/27/88, 2:29:30.80GMT
STATION NO, CTF8 35.878N, 120.361W DR100 S/N 151 ( 3 CHNS OF 3 AT STA)
TURKEY FLAT ARRAY, ROCK SOUTH (SURFACE) OBSERVED

CHAN 1: 90 DEG (STA CHN: 3)
COALINGA AREA EARTHQUAKE

HYPOCENTER(USGS): 36.183N,120.329W, H= 4KM, ML=2.0(USGS).
INSTR PERIOD = (,50 SEC, DAMPING = 0.6 , SENSITIVITY = 104, V/M/S
RECCRD LENGTH = 28.72 SEC.
UNCOR MAX = G, AT SEC.
RMS ACCEL OF (UNCOR) RECORD = G.

TWO POLE BUTTERWORTH BANDPASS FILTERED WITH CORNERS AT 1 AND 20 HZ.
FFT COMPUTED FROM WINDOW STARTING AT 6.741 SEC AND ENDING AT 14,741 SEC,
AMPLITUDE SPECTRA OF STATTION AND REFERENCE SMOOTHED 2 TIMES
WITH A 11 POINT RUNNING MEAN FILTER BEFORE FORMING SPECTRAL RATIO.
SPECTRAL RATIQ DATA BEGINS AT 1,000 HZ AND ENDS AT 20.000 HZ.

194 POINTS QF SPECTRAL RATIO DATA AT EQUALLY-SPACED INTERVALS OF 0.09766 HZ.
COALINGA AREA EARTHQUAKE

WEAK-MOTION EVENT 12, TURKEY FLAT ARRAY, RCCK SOQUTH (SURFACE) CHAN 1: 90 DEG

1 1 1 3 3 0 1 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 90 2873 40 40 25 0
0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0
0 0 2873 2873 2873 0 0 0 0 0 25 80 0 0 0 0
0 Q Q0 0 0 0 0 0 0 0 0 Q 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Q 0 0 0
0.500 0.600 28.720 0.000 0.000 0.000 0.000 0.000
2.000 0.000 0.000 0.000 0.000 0,000 0.000 0.000
0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 8.000 0.000 0.000 0,000 0.000 0.000
0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
3.000 0.000 0.000 0.000 0.000 0.000 12.5686 0.000
0.000 0.000 0.000 0.000 0.010 0.000 0.000 0.000
7.840 -415.426 7.870 9.047 10.770 -0.353 0.007 0.000
0.000 0.000 -0.002 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000
194 POINTS OF SPECTRAL RATIO DATA EQUALLY SPACED AT 0.09766 SEC (UNITS: RATIO)
1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
(Remainder of acceleration data)

/& i (End of data for this channel)

(Header, etc for next channel)
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parison, and hence, must conform to standards. Please include your

name on all plots.

Time History ~ Plots are scaled so that: 1) the horizontal axis
ranges from O to 20 seconds with second marks having 10 mm spac-
ing, and 2) the vertical axis is in 10~ % m (cm for strong-motion
records) auto-scaled so that the maximum peak-to-peak amplitude is
equal to 68 mm for each component (the vertical axis length will
be 72 mm which leaves a 2 mm space between each extremum and its
corresponding axis limit). Both horizontal components are plotted

on a single page. An example for Rl is shown in figure 3.

Response Spectrum - Plot scaling is 47.5 mm/decade logarithmic for
both horizontal and vertical axes. The vertical scale is

pseudovelocity amplitude in 10~°

n/sec (em/sec for strong-motion
records), ranging over three decades. The horizontal axis is pe-
riod ranging from .06 to 10 seconds (total horizontal axis length
is 105 mm)., Both components are plotted on a single page. An ex-

ample for Rl is shown in figure 5.

Fourier Amplitude 8pectral Ratio - Plots are scaled: 1) so that
the linear horizontal frequency scale ranges from 1 to 20 Hz with
10 mm spacing between 1 Hz divisions, and 2) the logarithmic ver-
tical axis ranges from .1 to 10 in dimensionless units with a
spacing of 36 mm per decade. Both components are plotted on a

single page. An example for Rl is shown in fiqure 6.
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Peak Acceleration, Velocity, and Displacement - Peak values of
ground motion parameters are to be provided for the sensor loca-
tions indicated in Table 1 of the ground motion prediction plan
(see Part 1). The values are to be provided as tables either by
copying and filling in the tables shown in figures 7-9, or prepar-
ing tables of similar format. Peak values of ground motion param-
eters are also requested to be included in the RS files (see Re-

sponse Spectrum file format).

Observed Ground Motions - Actual ground motions recorded at each
array station have been instrument corrected, bandpass filtered,
and converted to accelerograms as described in a later section.
The resulting acceleration time histories were then processed by
the California Strong-Motion Instrumentation Program (CSMIP) using
routine Volume 2 and 3 procedures, without the usual bandpass fil-
tering, and modified for the low amplitude records. Upon comple-
tion of the Weak-Motion Test, processing results for all array
sensor location records will be distributed to participants. Ex-
amples of the CSMIP processing results for sensor location Rl are

provided in Appendix E.
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Figure 7. Regquired Table of Peak Ground Motions for Weak-Motion
Recorded at RI (N=8 Deg, E=96 Degy.

GIVEN INPUT ROCK MOTIOHS AT RI
[ Sensor Accelaerstion Uelocity Displacement
Location (umAsecssec) (um/sec) Cumd
M
U1
E
N
uz
E
N
D1
E
H
Dz
E
N
D3
E
N
RZ2
E
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Figure 8. Regquired Table of Pealk Ground Motions for Heak-Motion
Recordaed at D3 (N=B8 Deg, E=98 Dag).

GIVEN INPUT ROCK MOTIONS AT D3
— —

Sensor Acceleration Uelocity Displacement
Location (umssacssac) {um/sec) Cumd

M
ui

E

i
pz

E
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Figure 9. Optional Table of Peak Ground Motions for Hypothetical
Strong-totion at Rl {(N=8 Deg, E=98 Degy.

GIVEN 1966 FPARKFIELD TEMBLOR RECORDO AS R1

Sensor [l Acceleration Velocity Displacement
Location {cmssecssec) (cmssac) Ccm

N
151

E

M
D2

E

N
p3

E
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WEAK-MOTION ARRAY AND DATA PROCESSING

Instrumentation

During the winter and spring of 1988, the California Division of
Mines and Geology’s (DMG) Earthquake Shaking Assessment Unit de-
ployed a weak-motion array of triaxial velocity transducers at the
strong-motion sites at Turkey Flat (see Real, 1988, for site char-
acterization). The array was composed of both surface and downhole
seismometers and was first operated in a huddle test mode at the
Rock South site and then deployed at the four sites shown in fig-
ure 2. Recording was accomplished on three-component digital seis-
mographs connected to and controlled by an array trigger box. Data
recorded on magnetic-tape cassettes was taken back to Sacramento
and played-back into a computer system for event identification

and processing,

Hardware

The two types of seismometers employed by DMG are Sprengnether
S-6000 2 Hz triaxial surface packages and Mark Products
L-10-3D-SWC 4.5 Hz triaxial downhole packages with sidewall
bow-spring clamps. The recording system consisted of Sprengnether
DR-100 digital event~recorders connected to a Sprengnether DR-101

group trigger module, which significantly reduced false triggering
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when the array was fully deployed. Dynamic range of the recording
system is 66 dB and the sampling rate was chosen to be 100 samples
per second (sps). The effective seismometer response for both
seismometer types when attached to a DR-100 recorder and after al-
lowing for amplifier gain is shown in figure 10. Calibration of
c¢lock drift on each DR-~100 recorder was accomplished by peri-
odically recording (once or twice a week) one second timing pulses
from a Sprengnether TS-400 portable clock set to the WWV time
standard. Inter-recorder timing accuracy is to within one sample
interval (.01 sec.}. A Sprengnether DP-100 playback unit with an
RS232 interface module was used to play back field cassette tapes

into a PRIME 2250 computer for preliminary processing.

Siting

A huddle test was conducted at the Rock South site (figure 2) by
placing the downhole seismometers side-by-side at the top of the
California Strong Motion Instrumentation Program (CSMIP) downhole
instrument hole and by placing the surface packages side-by-side
next to that hole. Orientations of seismometer components where
confirmed and two earthquakes were eventually recorded after re-
cording system problems were diagnosed and repaired. Then the ar-
ray was deployed at each of the four CSMIP instrumentation sites,
figure 11 shows the placement of the strong-motion sensors in

cross-section and identifies the seven surface and downhole sensor
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locations of the Turkey Flat strong-motion array. The weak-motion
sensors could not be collocated exactly next to the strong-motion
sensors, so adjacent existing holes where used to place the
weak-motion downhole seismometers at the same depth as the
strong-motion downhele sensors and the surface weak-motion
seismometers were placed in the ground next to the strong-motion
surface sensor/recorder pads (figure 12). Table 3 lists the sensor
location, recorder name, latitude, longitude, depth, and dates of
operation of all seven weak-motion records available for this

test.

Data Processing

Thirty-three local and regional earthquakes were recorded on the
weak-motion array. One event with high signal to noise ratios in
the 1-20 Hertz band has been selected as the test event for the
low-strain 1level (weak-motion) prediction test. The remaining
events serve as a control to show that the selected event does not

have an unusual site response.

The original velocity records for the event selected for the
low-gstrain level prediction test have been processed and prepared
for distribution to participants as acceleration records. Computer
processing was initially done on a PRIME 2250 system and then com-
pleted on a SUN 3/280 system using Lawrence Livermore National

Laboratory’s Seismic Analysis Code (SAC) (Tull, 1987) and
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Figure 12: Site Maps Showing
Weak & Strong Motion Sensors
And Test Holes
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Table 3: Weak-motion Station Parameters

Site/ Latitude Longitude Elev Dp*% Operational Dates
Recorder Deg Min Deg Min M M Start - End

R1 (CTF8) 35 52.6581 120 21.6648 494 25 Jan 88 - @2 Jun 88

R2 (CTF5) 35 53.4585 120 21.1447 561 26 Jan 88 - @2 Jun 88

V1 (CTF7) 35 52.9160 120 21.003@ 506 25 Jan 88 ~ P2 Jun 88

Y2 (CTF6) 35 53.1820 120 21.9030 515

Qe v w

25 Jan 88 - @2 Jun 88
D1 (CTF2) 35 52.6581 120 21.6648 494 24 25 Jan 88 - ©2 Jun 88
D2 (CTF3) 35 52.916@ 120 21.903@ 5@6 10 25 Jan 88 - 22 Jun 88

D3 (CTF4) 35 52.916@ 120 21.0030 506 23 25 Jan 88 - @2 Jun 88

* Depth below surface

Table 4: Clock and Orientation Corrections

Recorder Clock Correction P-pulse Orientation Orient. Correction

(sec) {degrees) (degrees)
CTF2 ~-.81 +/- .@1 17 +/- 5 25 +/- 1@
CTF3 -.02 +/- .01 135 +/- 6 60 +/- 10
CTF4 -.@5 +/- .01 320 +/- 5 -125 +/- 19
CTEFb5 -.01 +/- @1 185 +/- b
CTFe -. 03 +/- .91 198 +/- 6
CTF7 Q1 +/~ 01 195 +/- &
CTF8 Bl +/- .91 195 +/- 56

Table 5: Instrument Parameters

Seis Effective Free

Type GenCon Damping Period
(V-8/m) : (Hz)

S6Q8R 124, .6 2.0

L1¢@ 40. T 4.5
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supplemental programs written by one of the authors (CHC). First
clock and seismometer orientation corrections were determined and
applied to the records. Next, the records were instrument cor-
rected and transformed to acceleration time histories using fre-
quency domain techniques. The resulting accelerograms have been
bandpass filtered with a 2 pole Butterworth filter with corners at
1 and 20 Hertz. Huddle test records have been used to confirm that
the instrument correction successfully removes the instrument re-

sponse from the records.

Clock & Orientation Corrections

Table 4 lists the clock and orientation corrections applied to the
weak-motion test records for each station of the array. The clock
correction was determined by linearly interpolating the clock
drift between a time calibration record before and a time calibra-
tion record after the recorded event. Seismometer orientations
were determined from the particle-motion plots shown in figure 13.
The particle motion used in the determination is the first cycle
of the first strong P-wave arrival of the selected event. Note
that the particle motion of the surface seismometers (CTF5-~-CTF8),
which have a known north-east alignment to within five degrees,
agree to within plus or minus five degrees. The orientation cor-
rection for the downhole seismometers is that needed to rotate

their particle motion plots to match that of the surface
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Figure 13: Initial P-wave Particle Motion
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seismometer at the top of their hole. As indicated, it is believed
that the orientations of the seismometers can be determined to
within five degrees and hence the orientation correction for the
downhole seismometers is known to within ten degrees. Using SAC,
the c¢lock and orientation corrections listed were added to the
start time and component orientation of each trace for a station
and then the downhole horizontal traces were rotated into true

north and east couponents.

Instrument Correction

The appropriate instrument response depicted in figure 10 has been
removed from each trace of the weak-motion test event. Notice that
below 1 Hertz the instrument amplitude response has been held
equal to the amplitude response at 1 Hertz so that long~period
noise is not overamplified when the instrument correction is made.
Table 5 lists the instrument free period, damping, and effective
generator constant used in making these corrections., Free period
and damping have been taken from the instrument manufacturers
specifications, and the effective generator constant determined
from seismometer/recorder resistances, seismometer
step-calibration response, and huddle-test amplitude responses

(see Correction Check below). The instrument response was removed

from a trace by Fast Fourier Transforming (FFT’/ing) the record to

the frequency domain, dividing out the instrument amplitude
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response from the record amplitude response, subtracting the in-
strument phase response from the record phase response, and fi-
nally Inverse Fast Fourier Transforming (IFFT’ing) back to the
time domain. This is the same as deconvolving the instrument re-
sponse from the record (Bracewell, 1965, p 110). Specifically, the

velocity response removed is

e
Il = =——————— e e e e
P (f2 - fo2)2 + (2 g fo f32 His2
and
2 5 fo f
Fi =2 - tan~1l —————wewe- + T,
fo2 - f&

where |I| is the instrument amplitude response, #¥i 1is the instru-
ment phase response, f is fregquency (Hertz), fo is free period
(Hertz), and # is damping (Aki and Richards, 1980, p 479-80 with
phase response corrected per Saucedo and Schiring, 1968, p 400-1).
The addition of v to the phase maintains the previously Xnown

ground motion polarity of the record.

Transformation to Acceleration

For the purpose of matching the expected records from the Turkey
Flat strong motion array that will be used in the high strain
level prediction test, the low strain level test records have been

transformed from the velocity domain to the acceleration domain.
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Prior to IFFT’ing the instrument-corrected velocity amplitude and
phase spectra back to the time domain, the velocity spectra have
been rotated inte acceleration spectra by multiplying the ampli-
tude spectra by 2pf and subtracting p/2 from the phase spectra.
After the IFFT, the time histories become acceleration time histo-
ries. 1In order to remove noise amplified by the above processing,
acceleration time histories have been bandpass filtered using
SAC’s 2 pole Butterworth filter with corner frequencies at 1 and

20 Hertz.

Correction Check

As a check on the validity of the instrument correction performed
on the weak-motion test data, the huddle test event with high sig~
nal to noise ratios between 1 and 20 Hertz has been processed in
the same manner as the test event and acceleration amplitude spec-
tra and time histories compared between the two instrument types.
Figure 14 shows the residual noise in spectral amplitude of the
bandpass-filtered huddle-test acceleration records by component.
For each component, smoothed whole-seismogram spectral ratios for
each station with respect to the average spectrum of that compo-
nent are plotted in figure 14. Smoothing is accomplished by a
41-point running mean filter applied twice which roughly corre-
sponds to smoothing over a 0.5 Hertz window. Note that the re-

sidual spectral amplitude varies between 10% and 20% over the 1 to

-3 -



Figure 14: Huddle Test Residual Amplitude Noise by Component

Frequency (Hertz)



20 Hertz band which compares favorably with Jarpe, et al.’s (1988)
8% residual noise for a similar comparison for one seismometer
type. In figure 15, huddle-test east-component accelerograms from
one downhole and one surface seismometer are directly compared by
overlaying the traces. Although the amplitude varies somewhat
(within 15-20%), the phase relationship between the traces matches
very well over both the P-wave and S~wave windows, suggesting a

good phase correction for instrument type.
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VOLUME 2 FILE FORMAT

A Volume 2 file contains the instrument and base-line corrected data
corresponding to the data in a Vol. | file. For each of the channels, the fille
has three headers, followed by the acceleration time series, the veloeity time
series, and the displacement time series. Specifically, the elements of a
Vol. 2 file, for eaéh channel, are:

1. Text header, alphanumerioc

2. Integer‘header

3. Real-value header

4. Acceleration data-start line

5. Acceleration data, equal time apacing

6. Veloeclity data-start line

T. Veloecity data, equi-spaced

8. Displacment data-start line

9. Displacement data, equi-spaced.

10. End-of-data flag
These 10 elements are then repeated for the next channel)l. Similar to the
Vol. 1 headers, the text header contains the most information and is best
for scanning by an investigator. Portions of the Vol. 2 headers are
the same as the corresponding Vol. 1 headers; thus, complete information
about the Vol. t processing, etc. can be obtained from the Vol. 2 header
without having to read the Vol. 1 file.

Each of the headers is described on the following pages. These
descriptions are followed by a sample Fortran program for reading a

Volume 2 file, and by an actual listing of a complete header.
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YOLUME 2 TEXT HEADER (TXTHDR)

The text header ocoupies 25 lines of alphanumeric data, which are the first 25
lines of the information for a glven channel. The contents of each line are
given in the following., (Lines 2 through 11 are identical to lines 1 through
10, respectively, of the Volume 1 text header.)

Line Column

1

I

7

8

10

R

12

1-80

1-80

1-40

1-40
41-80

1-24
36-77

13-17
21=27
30-37
Bo-47
54-57
Ir other
60-61
T1-72

1-40

6-7
10-14

29-30
4780

1-80

1-45
46-80
15-21
39-43
60-64

ho-46

Description

Vol. 2 title line, which includes record identifier and channel
identification

Vol. 1 title line, which includes processing date and
directory identifier

Earthquake name {actual number of characters used in name is
element 2% of integer header array, IHDR)

Earthquake date, time (local time)
Earthquake origin time {GMT)

Accelerogram identification number
Trigger time {GMT), if available

Station number

Station latitude; N or S in column 27

Station longitude; E or W in column 37

Instrument type (e.g., SMA, RFT, CRA)

Instrument serial number

than a single triaxial instrument at this station, then:
Number of channels on this accelerograph

Total number of channels at station (if different)

Station name (actual number of characters used in name is
element 30 of integer header IHDR).

Accelerogram channel number of this component

If horizontal component, azimuth (0-360, measured clockwise
from North, in cols 10-12); if vertical component, 'UP ' or
'DOWN', (® Also see note for IHDR(27).)

Station channel number, if multi-instrument station

Description of sensor location in structure, when appropriate

Earthquake title line, including name and date (actual no.
of characters used in title line is element 31 of IHDR)

Earthquake hypocenter information (latitude, longitude, depth)
Earthquake magnitude (ML; other magnitudes may also be listed)

Transducer natural period (seconds)
Damping (fraction of critical)
Sensitivity (Cols 66-72: Units, typically cm/g)

Length in seconds of Vol. 2 digitized record

10



13

14
15
16
17
18

19
20
21
22
23
24

25

5155
64-70

31-36
1-80

1-45
1-64

1-64
1-64
1-78
1-80

1-80

- VOL. 2 -
Vol. t peak acceleration (g)
Time of peak acceleration (seconds after triggering)
RMS of Vol. 1 acceleration (g)
Frequency limits used in the band-pass filtering
Number of Vol. 2 acceleration, velocity and displacement points
Time step of Vol. 2 data (equally-spaced)

Value and time of Vol. 2 peak acceleration (time, in seconds
after triggering)

Value and time of peak velocity

Value and time of peak displacement

Initial velocity and displacement (computed during processing)
Earthquake name (same as line 9, or line 8 of Vol. 1 header)
Blank

Titling line, used for plot titling

Blank, or additional plot titling if needed.

1"
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VOLUME 2 INTEGER HEADER (IHDR)

The integer-value header is a 100-element integer array, written in lines 26-32
of the header information for a given channel (in format 1615). Only the first
two~-thirds of the array elements are now used, as described in the following.
(Elements 1-50 are identical to those of the Volume 1 integer header.)

Array
Line Element Description
26 1 Accelerogram channel number
2 1, not used
3 Station channel number (same as element 1 if there is only
one instrument at the station)
4 Number of channels on accelerogram
5 Total number of channels at station
6 0, not used
7 Shock number (1 unless more than one earthquake per trigger)
8 1, indicating that a direct-copy negative was digitized

medium
9-16 0, not used

27 17«26 0, not used
27 Orientation of sensor for this channel. For horizontal sensor,

value is azimuth, measured clockwise from North, 0-360 degrees.
For vertical sensor, 500=Up, 600=Down. (* See note below)

28 Number of digitized acceleration data points

29 Number of letters in earthquake name (line 3 of TXTHDR)

30 Number of letters in station name (line 7 of TXTHDR)

31 Number of letters in earthquake title line (line 9 of TXTHDR)
32 Azimuth of Reference North of the structure, clockwise from

true North; 0, for a free-field accelerogram ##
28 33-48 0, not used

29  49-50 0, not used
51,52  Number of digitized acceleration data points, same as IHDR{28)

53 Number of Vol. 2 acceleration data points

54 First deoimation factor in processing (typically 4)

55 Decimation factor for long-period filtering of accelerations
(typically 10)

56 Half-length of filter operator in BAS

57 0, not used

58 0, not used

59 Number of letters in earthquake title, same as IHDR(31),
for plotting

60 Number of letters for plotting station name

61 Decimation factor for long-period filtering of velocity
{(typically 10)

62 Decimation factor for long-period filtering of displacement
(typically 10)

63 0, not used

64 Number of velocity pointa

12
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30 65 0, not used
66 Number of displacement points
67~-80 0, not used

31 81-96 0, not used

32 97-100 0, not used

Notes: ® For a structure, sensor azimuth is given relative to Reference
North for the structure. In all cases, the orlentation given
corresponds to positive (+y) motion on the record.

## For example, if a structure's Reference North is aligned 18 degrees
clockwise from (true) North, and a sensor is aligned East with
respect to the structure's reference, then IHDR(32)=18 and
IHPR(27)=90 (though the sensor is oriented at 108 degrees from
true North).

13
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YVOLUME 2 REAL-VALUE HEADER (RHDR)

The real-value header is a 100-element floating-point array, written in lines
33-45 of the header {(in format 8F10.3). Only the first 76 elements of the array
are now used, as described in the following. (Elements 1-50 are the same as the
corresponding elements in the Vol, 1 header. Elements 10-16 are defined
specifically for digitization by CSMIP.)

Array
Line Element Description
33 1 Natural period of transducer (seconds)
2 Damping of transducer (fraction of eritical)
3 Length of digitized record (in seconds)
y RMS value of digitized record (in g)
5 Units of digitized acceleration in file (fractions of g,
typically 0.10)
6 Sensitivity of transducer {(cm/g)
7 Peak acceleration (Vol.1) for this component (in g)
8 Time of peak acceleration value (seconds after trigger)
34 g Natural frequency of tranaducer (in Hz)
10 Digitizer y-step (acceleration) size, in microns (em/10000)
11 Digitizer y-step size, in milli-g
12 Digitizer x-step (time) size, in microns (em/10000)
13 Actual average time step of digitized record, in milliseconds
14 Standard deviation of time step, in milliseconds
15 Minimum time step size, as digitized (milliseconds)
16 Maximim time step size, as digitized (milliseconds)

35 17-24 0.0, not used
36 25-32 0.0, not used
3T 33-40 0.0, not used
38 41-48 0.0, not used

39 49-51 0.0, not used

52 Scaling factor for converting acceleration from g/10 to
om/se¢/sec  (98.066%)

53 Time step of Vol. 2 equally-spaced interpolation (sec)

54 Length of interpolated Vol. 2 acceleration (secs)

55 Natural frequency of transducer (radians/sec)

56 0.0, not used

4o 57 0.0, not used

58 Terminal frequency of high-frequency filter (Hz)

59 Roll-off width of high-frequency filter (Hz)

60 Length of Vol. 2 output after resampling to sampling
interval given in RHDR(53)

61 Time step of Vol. 2 output (sec)

62 Roll-off corner frequency of long-period filter (Hz)

63 Roll-off width of long-period filter (Hz)

o4 0.0, not used

14
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41 65 Time of peak acceleration (Vol. 2), seconds
66 Peak acceleration value (Vol. 2), cm/sec/sec
67 Time of peak velocity (sec)
68 Peak velocity (cm/sec)
69 Time of peak displacement {sec)
T0 Peak displacement (cm)
71 Initial veloecity value (cm/sec)
72 Same as RHDR(62)
42 73 Roll-off corner frequency of high-frequency filter (Hz)
T4 Velocity time step (sec)
75 Displacement time step (sec)
76 Initial displacement {cm)

77-80 0.0, not used

43-45 81~100 0.0, not used

15
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EXAMPLE FORTRAN CODE FOR_READING 4 VOLUME 2 FILE

A file can be read as follows (an example using Fortran IV):

INTEGER IHDR(100), TXTHDR(40,25), ENDCHN
REAL RHDR(100), A(3000), V(3000), D(3000)
c
C ~-- READ HEADERS =-w--
READ({LUVOL2, 100} ((TXTHDR(IWRD,LINE), IWRD=1,40)}, LINE=1,25)
READ(LUVOL2,200) (IHDR(I), I=1,100)
READ(LUVOL2,300) (RHDR(I), I=1,100)
100 FORMAT(4042)
200 FORMAT(161I5)
300 FORMAT(8F10.3)
400 FORMAT(IS)
c
C ~-- READ THE ACCELERATION, VELOCITY AND DISPLACEMENT —ww
READ(LUVOL2,400) NPTSA
READ(LUVOL2,300) (A(X), I=1,NPTSA)

C
READ(LUVOL2,400) NPTSV
READ(LUVOL2,300) (Vv(I), I=1,NPTSV)
C
READ(LUVOLZ,400) NPTSD
READ(LUVOL2,300) (D(I), I=1,NPTSD)
C
C -=-- READ THE END-OF-DATA FLAG FOR THIS CHANNEL, WHICH SHOULD BE HERE =—w-
READ(LUVOL2,100) ENDCHN
IF(ENDCHN .NE. '/&')} STOP 1
Notes:
LUVOLZ2 = FORTRAN logical unit number for the Vol, 2 file, assumed
to be previously opened
TXTHDR(40,25) = 25 lines of text headers, 40 2-character words per line

IHDR(100) = 7 lines of integer headers

RHDR(100) 13 lines of real-value headers

NPTSA,NPTSV,NPTSD = number of acceleration, velocity, displacement data points
{these values could also be obtained from IHDR array:
NPTSA=IHDR(53), NPTSV=IHDR(64), and NPTSD=IHDR(66))
A(3000),V(3000},D(3000) = arrays for Vol. 2 acceleration, velocity, and
displacement. Dimensions of these arrays have to be
sufficient for the actual number of data points.
ENDCHN = End-of-data mark for this channel (a "/&" flag is used)

16

P owIsomam e yreer - eee o et e ot ——— - B



- Vol 2 -

Sample Volume 2 File Listing for Turkey Flat experiment:

CORRECTED ACCELEROGRAM R1 (CTF8) CHAN 1: 90 DEG FROM N
UNCORRECTED VELOCITY DATA PROCESSED: 05/18/88, CDMG EVENT12
TURKEY FLAT, USA, WEAK-MOTION TEST EVENT STANDARD GEQOTECHNICAL MODEL
APRIL 26, 1988 18:29 PST (ORIGIN(USGS): 4/27/88, 2:29:25,29GMT)
WEAK-MOTION EVENT 12 TRIGGER TIME: 4/27/88, 2:29:30.80GMT
STATION NO., CTFS8 35.878N, 120.361W DR100 S/N 151 {( 3 CHNS OF 3 AT STA)
TURKEY FLAT ARRAY, ROCK SOUTH (SURFACE) PREDICTION BY JOAN S. DOR

CHAN 1: 90 DEG (STA CHN: 3)

COALINGA AREA EARTHQUAKE

HYPOCENTER (USGS) : 36.183N,120.329W, H= 4KM. ML=2,0(USGS).

INSTR PERIOD = 0,50 SEC, DAMPING = 0,6 , SENSITIVITY = 104. V/M/S
RECORD LENGTH = 28,72 SEC.

UNCOR MAX = G, AT SEC.

RMS ACCEL OF (UNCOR) RECORD = G.
TWO POLE BUTTERWORTH BANDPASS FILTERED WITH CORNERS AT 1 AND 20 HZ.

2873 POINTS OF INSTRUMENT- AND BASELINE-CORRECTED ACCEL DATA
AT EQUALLY-SPACED INTERVALS OF 0.010 SEC,
PEAK ACCELERATION = -415.426 uM/SEC/SEC AT 7.840 SEC. (uM=10**-6M)
PEARK VELOCITY = 9.047 uM/SEC AT 7.870 S8EC,
PEAK DISPLACEMENT = -0.3527 uM AT 10.770 SEC.

INITIAL VELOCITY
COALINGA AREA EARTHQUAKE

0.0074 uM/SEC; INITIAL DISPLACEMENT = ~-0.00173 uM

WEAK-MOTION EVENT 12, TURKEY FLAT ARRAY, ROCK SOUTH (SURFACE) CHAN 1: 80 DEG

1 1 1 3 3 0 1 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 90 2873 40 40 25 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 2873 2873 2873 0 0 0 0 0 25 80 0 0 0 0
0 0 0 D 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0
0.500 0.600 28,720 0.000 0.000 0.000 0.000 0.000
2.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
¢.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
0.000 0,000 0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000 0.000 12.566 0.000
0.000 0.000 0.000 0.000 0.010 0.000 0.000 0.000
7.840 -415,426 7.870 9.047 10.770 -0.353 0.007 0.000
0.000 0.000 -0.002 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000 0.000 ¢.000 0.000
0.000 0.000 0.000 0.000
2873 POINTS OF ACCEL DATA RQUALLY SPACED AT 0.010 SEC. (UNITS: uM/SEC/SEC)
-0.290 0.754 0.601 0.106 -0.012 0.031 0.084 0.101
0.079 0.116 -0.049 -0.691 -0.290 0.753 0.582 0.130
-0.158 -0.749 -0.398 ~0.185 -0.531 0.230 0,381 0.027
-0.140 0.045 0.665 0.486 -0.117 -0,854 -0.361 0.563
(Remainder of acceleration data)
/& Cmm—— (End of data for this channel)

(Header, etc for next channel)



RESPONSE SPECTRA FILE FORMAT

A Response Spectra (RS) file contains RS information for
a specific station. For each channel included in the file,
the file has three headers, epectral parameters, and values
of one response spectra at each of up to 10@ periods. Spe-
cifically, the elements of an RS file, for each channel, are:
1. Text header, alphanumeric
2. Integer header
Real-value header
Damping value for the response spectrum
Periods at which the spectrum is computed

Pseudovelocity response spectrum values

~N o0 L

End-of-data flag (/&)
These seven elements are then repeated for the next channel
in the file. The text header is very similar to the Volume 2
text header. The integer header is the same as that of the
Volume 2 file except for three elements. The real-value
header is identical to that of the Volume 2 file.

The headers and file contents are described on the fol-
lowing pages. These descriptions are followed by an actual

listing, in summary form, of a RS file.
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RS TEXT HEADER (TXTHDR)

The text header occupies 3@ lines of alphanumeric text, which
are lines 1-3@ of the information for a given channel. Thise
text header 1s nearly identical to the text header Ffor the
corregponding Volume 2 file.

Line Column
1 1-80 RS title line
2-1¢6 - Same as lines 1-15 of Volume 2 text header,
except line 4, col. 51-8@ indicatesn geotech-
nical model used and line 7, col., 45-80

indicates whether data is observed, or
predlcted and by whomn,

17 18-51 Same as line 16 of Volume 2 text header with
only characters in col. 18-51 copied over,

18-22 - Blank

23-26 - Same ae lines 22-25 of Volume 2 text header
27-28 - Same as lines 25 and 26

29-3@ - Units of spectra

RS _INTEGER HEADER (IHDR)

The integer-value header is a 1@@-element array, written in
lines 31-37 of the header, in format 16I5., It is identical to

the integer array for the Volume 2 file, axcept for elements
87-89,

Array

Line Element = Degcription

31-37 1-19@ Same as elements 1-1@@ of Volume 2 integer
header, except element 67 which is no. of let-
ters for plotting station name (IHDR(6@)+1),
element 68 which is no. of periods for which
spectral values are computed, and element 89
which i85 no. of damping values for which re-
sponse spectral values are computed (always 1)



- RS -

RS.REAL-VALUR HEADER (RHDR)

The real-value header is a 1@@-element floating-point array,
written in lines 38-50 of the header, in format 8F12.3. The
header is identical to the corresponding header for a Volume

2 file.
Array
Line Element = Description
38-5@ 1-1P@ Same as elements 1-10@ of Volume 2 real-value
header; Peak acceleration, velocity, and dis-
placement are required in elements 66, 68, &
7@ resapectively, even if a Volume 2 file is
not provided.
RESPONSE SPECTRAL PARAMETERS
Line Description
bl DMPNG Damping value used in response spectum
52-64 PD(I), I=1,192@ Periods at which the spectrum is com-
ruted (standard values are: .94, .@242,
044, 046, .48, .05, .P55, .96, .@65,
W7, 075, .9@8, .@85, .09, .995, .1@,
11, .12, .13, .14, .15, .16, .17, .18,
.19, .28, .22, .24, .26, .28, .3@, .32,
.34, .36, .38, .49, .42, .44, 46, .48,
.5®, .bB6, .68, .65, .Y®, .75, .88, .85,
.99, .85, 1.0, 1.1, 1.2, 1.3, 1.4, 1.5,
1.6, 1.7, 1.8, 1.8, 2.0, 2.2, 2.4, 2.6,
2.8, 3.9, 3.2, 3.4, 3.6, 3.8, 4.2, 4.2,
4.4, 4.6, 4.8, 5.4, 5.5, 6.4, 6.5, 7.0,
7.5, 8.0, 8.5, 9.4, 9.5, 1@4., 11., 12.,
13., 14., and 15. seconds. Theee are 91
prericds; the remaining 9 array elements
are set to 2.0}
65 - - Label and damping for response spectral
values
66-78 PV(I), I=1,1900 Pseudovelocity response spectral values

at periocds PD(I).
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Sample Response Spectra File Listing for Turkey Flat experiment:

RESPONSE AND FOURIER AMPLITUDE SPECTRA (51 PERIODS, .04 - 1.0 SEC) FOR

CORRECTED ACCELEROGRAM R1 (CTF8) CHAN 1: 90 DEG FROM N
UNCORRECTED VELOCITY DATA PROCESSED: 05/18/88, CDMG EVENTL2
TURKEY FLAT, USA, WEAK-MOTION TEST EVENT STANDARD GEOTECHNICAL MODEL
APRIL 26, 1988 18:29 PpST (ORIGIN(USGS): 4/27/88, 2:29:25,29GMT)
WEAK-MOTION EVENT 12 TRIGGER TIME: 4/27/88, 2:29:30.80GMT
STATION NO., CTF8 35.878N, 120.361W DR100 S/N 151 ( 3 CHNS QF 3 AT STA)
TURKEY FLAT ARRAY, ROCK SOUTH (SURFACE) PREDICTION BY JOAN S. DOE

CHAN 1: 90 DEG (STA CHN: 3)

COALINGA AREA EARTHQUAKE

HYPOCENTER (USGS) : 36.183N,120.329W, H= 4KM, ML=2,0(USGS).

INSTR PERIOD = 0,50 SEC, DAMPING = 0.6 , SENSITIVITY = 104, V/M/S
RECORD LENGTH = 28.72 SEC.

UNCOR MAX = G, AT SEC.

RMS ACCEL OF (UNCOR) RECORD = G.
TWO POLE BUTTERWORTH BANDPASS FILTERED WITH CORNERS AT 1 AND 20 HY7.
INSTRUMENT- AND BASELINE~CORRECTED

COALINGA AREA EARTHQUAKE
WEAK-MOTION EVENT 12, TURKEY FLAT ARRAY, ROCK SOUTH (SURFACE) CHAN 1.
WEAK-MOTION EVENT 12, TURKEY FLAT ARRAY, ROCK SOUTH (SURFACE) CHAN 1:

UNITS FOR PSEUDOVELOCITY SPECTRUM IS uM/SEC.

1 1 1 3 3 0 1 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 90 2873 40 40 2
0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 2873 2873 2873 0 0 0 0 0 25 80 4] 0
0 0 81 51 5 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0
0.500 0.600 28.720 ¢.000 0.000 0.000 0.000
2,000 0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000 0.000 12.566
0.000 0.000 0.000 0.000 0.010 0.000 0.000
7.840 -415.42¢6 7.870 8.047 10.770 ~0.353 0.007
0.000 0.000 -0.002 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 g.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000
0.050
0.040 0.042 0.044 0.046 0.048 0.050 0.055
0.065 8.070 0.075 0.080 0.085 0.090 0.095
. (Remainder of 100 element period array) -
DAMPING = .,05. DATA OF PSSV

90 DEG

90 DEG

COoOOoOOUMOo

COOOOOoOOoOoODOoOOo

o O

COoOOoOOoOOoOO

.000
.000
.000
. 000
.000
.000
.000
.000
.000
.000
.000
.000

.060
.100

0.300e+01 0.323e+01 0.3386+01.0.353e+01 0.373e+01 0.406e+01 0.493e+01 0.574e+01

{Remainder of 100 element pseudovelocity array)
/& Commm {End of data for this channel)

(Header, etc for next channel)



FSR FILE FORMAT

A Fourier Spectral Ratio (FSR) file contains FSR infor-
mation for a specific station with respect to a gpecified
reference station. For each channel included in the file, the
file has three headers and Fourier spectral ratioc parameters
elther equally or unequally spaced in the Ffrequency domain.
Specifically, the elements of an FSR file, for each channel,

are:

1, Text header, alphanumeric

B

Integer header

Real-value header

Frequency data-start line (unevenly-spaced only)
Frequency sample points (unevenly-spaced only)

Fourier spectral ratio data-start line

~N & s W

Fourier spectral ratio values

8., @End-of-data flag (/&)
These eight elemente are then repeated for the next channel
in the file. The text header ie very similar to the Volume 2
text header. The integer header is the same as that of the
Volume 2 file except for one element indicating an evenly or
unevenly spaced file. The real-value header is identical to
that of the Volume 2 file.

The headers and file contente are described on the fol-
lowing pages. These descriptiones are followed by an actual

listing, in summary form, of a FSR file,



- FSR -~
FSR TEXT HEADER (TXTHDR)
The text header occupies 25 lines of alphanumeric text, which
are lines 1-25 of the information for a given channel. This

text header is nearly identical to the text header for the
corresponding Volume 2 file,

Line Column Degcription
1 1-80 FSR title line giving reference station in col.
51-75
2-186 - Same as lines 1-15 of Volume 2 text header,

except line 4, col. 51-8@ indicates geotech-
nical model used and line 7, col. 45-8@
indicates whether data is observed, or
rredicted and by whom.

17 1-8@ FET window line with start and end times from
front of trace given in col. 38-44 & 64-70.

18-9 1-80@ Smoothing lines with # times asmoothed in line
18, col. 53 and filter width in line 19, col.
8-15. For evenly spaced file, filter width is
in # points, and for unevenly spaced file,
filter width is in Hz (see examples).

20 1-80 FSR data window line with start and end
frequencies of FSR data given in col. 31-36 &
53-89,

21 1-80@ FSR sampling line with # of points in col. 1-5
and, for evenly sampled data only, interval
size in col. 68-75 (Hz).

22-5 1-8@ Same ag lines 22-25 of Volume 2 text header

FSR _INTEGER HEADER (IHDR)

The integer-value header 1s a 1@@-element array, written in
lines 26-32 of the header, in format 16I5. It is identical to

the integer array for the Volume 2 file, except for alement
40 .

Array

Line Element Degcription

26-32 i1-1p9 Same as elements 1-108 of Volume 2 integer
header, except element 4@ which is 1 for
evenly spaced and 2 for unevenly spaced data.



- FSR -
ESR REAL-VALUE HEADER (RHDR)

The real-value header is s 1@@-element floating-point array,
written in lines 33-45 of the header, in format 8F1@.3. The

header is identical to the corresponding header for a Volume
2 file,

Array

Line Element = Description

33-45 1-129@ Same as elements 1-10@ of Volume 2 real-value
header
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Sample Even FSR File Listing for Turkey Flat experiment:

SPECTRAL RATIO WITH RESPECT TO REFERENCE STATION Rl (CTF8) FOR
CORRECTED ACCELEROGRAM R1 (CTF8) CHAN 1: 90 DEG FROM N
UNCORRECTED VELOCITY DATA PROCESSED: 05/18/88, CDMG EVENT12
TURKEY FLAT, USA, WEAK-MOTION TEST EVENT STANDARD GEOTECHNICAI, MODEL
APRIL 26, 1988 18:29 PST (ORIGIN (USGS): 4/27/88, 2:29:25,29GMT)
WEAK-MOTION EVENT 12 TRIGGER TIME: 4/27/88, 2:29:30.80GMT
STATION NO. CTFS8 35.878N, 120.361W DR100 S/N 151 ( 3 CHNS OF 3 AT STa)
TURKEY FLAT ARRAY, ROCK SOUTH (SURFACE) PREDICTION BY JOAN S. DOE

CHAN 1: 90 DEG (STA CHN: 3)
COALINGA AREA EARTHQUAKE
HBYPOCENTER(USGS): 36.183N,120.329W, H= 4KM. ML=2.0(USGS)}.
INSTR PERICD = 0,50 SEC, DAMPING = 0.6 , SENSITIVITY = 104. V/M/S
RECORD LENGTH = 28.72 SEC.
UNCOR MAX = G, AT SEC,
RMS5 ACCEL OF (UNCOR) RECORD G.
TWO POLE BUTTERWORTH BANDPASS FILTERED WITH CORNERS AT 1 AND 20 HZ.
FFT COMPUTED FROM WINDOW STARTING AT 6.741 SEC AND ENDING AT 14.741 SEC.
AMPLITUDE SPECTRA OF STATION AND REFERENCE SMOOTHED 2 TIMES
WITH A 11 POINT RUNNING MEAN FILTER BEFORE FORMING SPECTRAIL RATIO.
SPECTRAL RATIO DATA BEGINS AT 1.000 HZ AND ENDS AT 20.000 HZ.
194 POINTS OF SPECTRAL RATIO DATA AT EQUALLY-SPACED INTERVALS OF 0.09766 HZ.
COALINGA AREA EARTHQUAKE

WEAK-MOTION EVENT 12, TURKEY FLAT ARRAY, ROCK SOUTH (SURFACE) CHAN 1: 90 DEG

1 1 1 3 3 0 1 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 90 2873 40 40 25 ]
0 0 0 0 t] 0 0 1 0 0 0 0 0 0 0 0
0 0 2873 2873 2873 0 0 0 0 0 25 80 0 0 0 0
0 0 0 0 0 0 ] 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0
0.500 0.600 28.720 0.000 0.000 0.000 0.000 0.000
2.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
0,000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000 0.000 12,566 0.000
0.000 0.000 0.000 0.000 0.010 0.000 0.000 0.000
7.840 -~415,424 7.870 9,047 10.770 -0.353 0.007 0.000
0.000 0.000 -0.002 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000 0.000 0.000 ¢.000
0.000 0.000 0.000 0.000
194 POINTS OF SPECTRAL RATTIC DATA EQUALLY SPACED AT 0.09766 SEC (UNITS: RATIO)
1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
1.000 1.000 1.000 1.000 1,000 1.000 1.000 1.000
1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
1.000 1.000 1.000 1.000 1.000 1.000 1.000 1,000
{Remainder of acceleration data)
/& e {End of data for this channel)

({Header, etc for next channel)
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Sample Uneven FSR File Listing for Turkey Flat experiment:

SPECTRAL RATIO WITH RESPECT TO REFERENCE STATION R1 (CTF8) FOR
CORRECTED ACCELEROGRAM R1 {CTF8) CHAN 1l: 90 DEG FROM N
UNCORRECTED VELQCITY DATA PROCESSED: 05/18/88, CDMG EVENT12
TURKEY FLAT, USA, WEAK-MOTION TEST EVENT STANDARD GEOTECHNICAL MODEL
APRIL 26, 1988 18:29 PST (ORIGIN(USGS): 4/27/88, 2:29:25,29GMT)
WEAK-MOTION EVENT 12 TRIGGER TIME: 4/27/88, '2:29:30.80GMT
STATION NO. CTF8 35,878N, 120.361W DR100 S/N 151 ( 3 CHNS OF 3 AT STA)
TURKEY FLAT ARRAY, ROCK SOUTH (SURFACE) PREDICTION BY JCAN S, DOE

CHAN 1: 90 DEG (STA CHN: 3)
COALINGA AREA EARTHQUAKE
RYPOCENTER (USGS) : 36.183N,120,329W, H= 4KM, ML=2,0(USGS).
INSTR PERICD = 0,50 SEC, DAMPING = 0.6 , SENSITIVITY = 104. V/M/S
RECORD LENGTH = 28.72 SEC.
UNCOR MAX = G, AT SEC.

RMS ACCEL OF (UNCOR) RECORD = G.
TWO POLE BUTTERWORTH BANDPASS FILTERED WITH CORNERS AT 1 AND 20 HZ,
FFT COMPUTED FROM WINDOW STARTING AT 6.741 SEC AND ENDING AT 14.741 SEC.
AMPLITUDE SPECTRA OF STATION AND REFERENCE SMOOTHED 2 TIMES
WITH A 1,074 HZ RUNNING MEAN FILTER BEFORE FORMING SPECTRAL RATIO.
SPECTRAL RATIO DATA BEGINS AT 1.000 HZ AND ENDS AT 20.000 HZ.

77 POINTS OF SPECTRAL RATIO DATA AT UNEQUALLY-SPACED INTERVALS,
COALINGA AREA EARTHQUAKE

WEAK-MOTION EVENT 12, TURKEY FLAT ARRAY, ROCK SQUTH {(SURFACE) CHAN 1: 90 DEG

1 1 1 3 3 0 1 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 90 2873 40 40 25 0
0 Q 0 0 0 0 0 2 0 0 0 0 0 0 0 0
0 0 2873 2873 2873 0 0 0 0 0 25 80 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 g 0 0 0
0 0 0 0
0.500 0.600 28.720 0.000 0.000 0.000 0.000 0.000
2,000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
0.000 0,000 0.000 0.000 0.000 ¢0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000 0.000 12,566 0.000
0.000 0.000 0.000 0.000 0.010 0.000 0.000 0.000
7.840 -415.426 7.870 2.047 10.770Q -0.353 0.007 0.000
0.000 0.000 -0.002 0.000 0.000 0.000 0.000 0.000
g.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000
77 UNEVENLY SPACED FREQUENCY POINTS WHERE SPECTRAL RATIC HAS BEEN DETERMINED:
1.270 1.660 1.855 1.953 2.248 2.637 2.832 2.930

3.223 3.613 3.809 3.906 4,199 4,590 4,785 4,883
{Remainder of frequency data)

SPEéiﬁAL RATIO CORRESPONDING TC ABOVE FREQUENCY POINTS IN UNITS QOF RATIOQ:
1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000

o (Remainder of spectral ratio data)

/& Cmmmem e {(End of data for this channel)

{Header, etc for next channel)



STANDARD GEOTECHNICAL MODEL FOR THE

TURKEY FLAT, USA SITE EFFECTS TEST AREA

Tables 1 and 2 summarize the geotechnical properties of the near
surface geology at four site locations in the test area, where
ground motion data are being acquired in an effort to wvalidate
methods of estimating the effects of local geology on earthguake
ground motion for shallow stiff-gsoil sites. Figure 1 shows the lo-
cations of each site and three lines of profile. Figure 2 shows a
cross sectional view along the three lines of profile to provide
some knowledge of the three-dimensional structure of the test

area,

The standard model was derived by a systematic procedure of data
acquisition, analysis, and interpretation involving seven U.S. and
two Japanese geotechnical firms and the California state govern-
ment. Results of extensive field and laboratory tests, including
state-of-the-art geophysical surveys, were selectively evaluated
by members of an oversight committee of experts, leading to an av-

erage model of the test area that was reached by a consensus.

While this model represents a consensus of several experts in the
geotechnical industry, it is not necessarily the most "accurate"
model possible from the available data. Nonetheless, it serves as

a standard against which various ground motion prediction methods

-]1-




can be compared with one another. For this reason each participant
in the prediction phase of the experimeht is being asked to make
one set of predictions using this model. Investigators wishing to
make additional predictions using their own alternative models
based on the geotechnical data collected may do so at their own
discretion. For this reason, individual geotechnical reports by

each contributor are included in the appendices.

The remainder of this report provides a brief overview of the
project, a more detailed description of the site characterization
program, the regional geologic setting and local geology of the
site, and a brief narrative on the geotechnical properties of the

Turkey Flat Test Area.



Table 1A. Dynamic Scil Properties at Ualley Center and
Valley Nerth (G-~curve I).

% Shear Strain G/Gmax X Damping
18-% 1.849 1.5
16-3 4.96 2
1g-= 8.73 4
3x1g-2 8.68 6.5
1g-1 a.448 18
3xl@-1 6.22 13

Table 1B. Seismic Velocities at soil site Valley Center,

Depth Range Shear Have Compression Have Density
Cmd Velocity <ms/sac) Valocity (mrssec) (gmscm=)
8 - 2.4 135 328 1.58
2.4 -~ 7.6 468 9?5 1.88
7.6 - 21.3 £18 9vs 1.98
Belonw 21.3 1348 27158 2.28

Table 1C. Seismic VYelocities at soil site Valley Horth.

Depth Range Shear Hava Compression Hawve Density
<my Velocity {(mrsac? Yelocity d{(m/secy {gmscm=)
B - 2.1 158 3685 1.55
2.1 - 5.5 273 915 1.73
5.5 - 11.9 610 9?5 1.98
Below 11.8 1348 2715 2.20




Table 2A. Dynamic Rock Properties at Rock South
and Rock North {G-curve II>.

Parametar Value Shear Strain
GAGmax 1 all strain levels
Damping 1% all strain levels

Table 2B. Seismic Veleocities at Rock South and

Rock HNorth.

Daepth Range Shear Have Compression Wave Density
i Ualocity <m/sec) Velocity (ms/secd (gmscm3)
B8 - 2.4 825 12984 2.18
Balow 2.4 1348 2715 2.208
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Figure 1. A map of the Turkey Flat Site Effects Test Area showing
locations of the four ground motion recording sites, and three
lines of profile that correspond to the cross sections shown in
figure 2. At these locations, numerous geophysical surveys and
laboratory testing of rock and soll samples have been conducted
for the purpose of characterizing the test area for analysis of
ground response. The remainder of this report describes the site
characterization program and its findings in more detail.
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FORMAT OF OBSERVED GROUND MOTIONS

When all of the prediction results have been received from the
participants, the actual observed ground motions produced by the
test event at each array site will be distributed so individuals
can see how close their predictions come to reality. The cbserva-
tions will be distributed in standard Volume 2 and Volume 3
graphic output, and will be produced by the California Strong Mo-
tion Instrumentation Program (CSMIP). Observed ground motions will
be presented in three plot types:

1) Instrument corrected acceleration, velocity, and displace-
ment time histories;

2) Tri~partite response spectra showing pseudoacceleration,
pseudovelocity, and absolute displacement, and;

3) Absolute acceleration.
Each type will be provided for all three components of ground mo-

tion at each array sensor location, even though the vertical
component is not part of the prediction test.

An example of observed ground motion results for the test event as
recorded at sensor location R1 is shown in figures 1-7.
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DSV (10_4IN/SEC)

COALTINGA AREA EARTHQUAKE
TURKEY FLAT ARRAY, ROCK SOUTH (SURFACE)
CHN 1: 90 DEG

WEAK-MOTION EVENT 12 040789.0920-QT88B012

——— RESPONSE SPECTRA: PSV,PSA & SD
DAMPING VALUES: 0,2, 5, 10, 20%

FREQUENCY (HZ)

10 1 .10
T TTT T T T T 7 T T T T T T 1 TTT T T T T
PSA (G) sD (IN) |
10
100 —
- 1
..1
10 I—
] _
'
B 10 0™ b
~ T .
[ 1
job— Ll IR T B DA I N A N i
' .10 1 10

PERIOD (SEC)

Figure 4
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PSV (10 IN/SEC)

COALINGA AREA EARTHQUAKE
TURKEY FLAT ARRAY, ROCK SOUTH (SURFACE)
CHN 2: UP

WEAK-MOTION £VENT 12 040789.0920-QT88B012

~——— RESPONSE SPECTRA: PSV,PSA & SD
DAMPING VALUES: 0,2, 5,10, 20%

FREQUENCY (HZ)

10 1 .10
T T [FTTET T 1 i [TT T T T 1 l [TTrT T 1 1T 1000
4 PSA (G) SD (IN} -
100 [~
i 10° -] 100
" 3
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. o
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- o>
i 107 -1
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PERIOD (SEC)

Figure 5



PSV (10“4IN/SEC)

COALINGA AREA EARTHQUAKE
TURKEY FLAT ARRAY, ROCK SOUTH (SURFACE)
CHN 3: 0 DEG

WEAK-MOTION EVENT 12 040789.0920-QT88B012

——— RESPONSE SPECTRA: PSV,PSA & SD
DAMPING VALUES: 0. 2,5, 10, 20%

FREQUENCY (HZ)
10 1 .10

<

PSA (G) SD (1IN)
100 —
- 4‘III|||‘|||||IIIFb 10°

10 Lo beregl | A NN ! b gl

I I [rriT.p b i I [rerr 4 17 1 i [TTT BT 0
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Figure 6
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ABSOLUTE ACCELERATION, sa (10

)

ABSOLUTE ACCELERATION, sA (1O

-4
ABSOLUTE ACCELERATION. sa (10 @)

COALINGA AREA EARTHQUAKE

TURKEY FLAT ARRAY., ROCK SOUTH (SURFACE}

WEAK--MOTION EVENT 12 040789.0

920-QT88B012

¥ ' 1 I I | j T I

CHN 1: 90

T T T
DEG

DAMPING VALUES:

0,2, 5 10, 20%

CHN 2. UP

DAMPING VALUES:

0.2,5.10,20%

DAMPING VALUES:

0.2, 5,10, 20%

1
PERIOD (SEC)

Figure 7
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